The suspension flow of quartz silt (geometric mean grain size of 4.15 microns), in unfavourable 7 conditions for the deposition, originates the development of different bed morphologies. 
Introduction 18
Common knowledge points to conditions for a significant sediment suspension when the shear 19 velocity is much larger than the settling velocity of the particles (Bagnold 1966 ). The flow 20
properties, the sediment concentration, the particle size distribution and the cohesive attributes 21 affect the deposition of the particles (Baas et al. 2011; Jopling and Forbes 1979) . In the experiments 22 reported here, although the shear velocity was considerably larger than the settling velocity of the 23 particles, multiple bed morphologies developed from the deposition of quartz silt (geometric mean 24 grain size of 4.15 µm) over a plane, rigid, non-erodible surface in turbulent conditions. In this 25 article, the authors show evidence for the bed formation, with few examples in the literature (e.g. 26
Jopling and Forbes (1979)). 27
An extensive catalogue of bedforms can emerge on the bed from the interaction between the flow 28 and the bed material (Allen 1968 ) although a noncohesive sediment with a median smaller than 29 150 µm confines the possibilities of bedforms to ripples (Southard and Boguchwal 1990) . Ripples 30 may be defined as small bedforms independent of flow depth but dependent of the grain size 31 distribution that scale with the thickness of the viscous sublayer (Jopling and Forbes 1979; Mantz 32 1992). Over time, the ripples grow and evolve towards an equilibrium 3D linguoid shape (Baas 33 1994 (Baas 33 , 1999 Mantz 1992; Raudkivi 1997) . When the ultimate equilibrium bed displays no linguoid 34 geometries in plan, it is interpreted as a lack of equilibrium because either there has been 35 insufficient time to develop the geometry or there is a deficit of supply of noncohesive granular 36 material (Baas et al. 2013 ). The equilibrium bedform sequence from a stationary flat bed shows 37 barchanoid ripples followed by linguoid ripples with increasing flow discharge (Mantz 1992). 38
Linguoid ripples have short, strongly curved open out upcurrent crestlines, as opposed to 39
barchanoids whose crestlines open out downcurrent (Allen 1968 used to obtain grain size distributions from samples of deposited silt. 87
The 12 experiments are classified in 3 groups based on their duration t: 1) short experiments (t = 88 100 min); 2) one-day experiments (t = 1440 min) and 3) long experiments (t ≥ 2040 min). The 89 bedform development and equilibrium hypotheses are tested by studying the different bed 90 morphologies at the end of the runs. The beds of silt constitute, on average, 10%, 33% and 41% 91 of the initial silt in suspension in group 1, 2 and 3, respectively [ Table 1 ]. 92
The discharge is evaluated as Q = U·B·h = 7.7·10 
Group 1 119
The group 1 (E1 and E2 in Fig. 3 ) displays similar beds although initial silt concentration in E2 120
3 ) is nearly three times the silt concentration in E1 (7.51 kg/m 3 ). The bed morphology 121 is defined as barchanoids because many of the bedforms appear in contact to each other. Following 122 Allen (1968) , some 2D features are assigned to these bedforms because they are comparatively 123 much wider than higher (W ~ 13·H as given in Table 1) front, a feature which may correspond to an initial state of the bedforms (Baas 1994) . 129
In group 1 runs, 6.5 cm long barchanoids are 3 cm shorter approximately than the rest of the 130 experiments bedforms. The width and height, 4.8 cm and 0.5 cm respectively, are similar to the 131 rest of the experiment measures. The distance between two consecutive barchan fronts l is ~9.1 132 cm. A length l is also defined in E9 and E10. 133
Group 2 134
The initial silt concentration ranges between 1.3 kg/m 3 and 9.8 kg/m 3 and all experiments last one 135 day. In these quartz silt beds the barchans are discernible on the bottom of the flume. Specially E3 136 ( the experiments, and whose velocity can be measured as reported later. 165
Group 3 166
The beds of maximum thickness s are obtained after experiments lasting 3 days (E11) and 2 days 167 (E12) with very high sediment concentration [ Table 1] . Surprisingly, the morphology of these beds The
Migration rate and bed-load 179
The suspended quartz silt only allowed the visualization of migrating bedforms on the sidewall of 180 the flume, where they are altered by the presence of the wall (Fig. 3) . The incipient bedforms (with 181 height less than ~3 mm) migrate at ~4 mm/min, and over time they grow and migrate slower, at 182 ~1 mm/min. As it is frequently reported, the migration rate and bedform height are inversely 
Grain size 210
A reasonable assumption is that if a long experiment stops at the duration of the short experiment, 211 the two beds will be the same. On average, the bed is 2.3 times coarser than the silt in the initial 212 http://creativecommons.org/licenses/by-nc-nd/4.0/ Publisher version: doi: 10.1061/(ASCE)HY.1943-7900.0001212 suspended mixture in group 1 (short experiments) but is reduced to 1.6 times coarser in group 3 213
(long experiments) [ Table 2 ]. Particularly, comparing the particle size distribution between beds 214 from groups 1, 2 and 3, there is an excess of the volume fraction of particles ~13.6 µm in group 1 215 whereas the beds from groups 2 and 3 contain an excess of particles of ~5 µm. 216
The segregation of the particles during the bed formation relates to coarser fractions depositing 217 earlier, so the deposition rate is faster during an early stage of the run (Fig. 4) . From the poorly 218 sorted silt in suspension (s g = 2.38), coarser particles may become trapped within the viscous 219 sublayer whereas finer particles are preferentially rejected as suggested by McCave (1970 McCave ( , 2008 . 220
Formation of the bed 221
As the bed remains hydraulically in transition condition (k s /d v < 6) (Cardoso 1998 From the previous ideas and the scrutiny of the beds in Fig. 3 , particularly the sequence from E1 235 (group 1) to E3 (group 2), the bed formation is conjectured as: 1) particles are captured within the 236 viscous sublayer; 2) captured particles form barchan ripples, indicators of sediment transport under 237 below-capacity conditions (e.g. Mantz (1978)); 3) the supply of fine sediment to the viscous 238 sublayer does not cease; and 4) the interaction between barchans induces the reduction of the 239 number of barchans and its growth. 240
The transformation from group 2 bedform-covered floor to group 3 plane bed needs further 241 research. Not only the silt concentration is the maximum on group 3, but also the experiments are 242 the longest and the cohesive effects may be significant. It may involve the saturation of silt on the 243 bed and a change to at-capacity conditions of the silt transport, so the first barchans to appear on 244 the bed (e.g. E2 in group 1) cannot reshape the continuing deposition of particles. Also, viscous 245 effects and their presumed protective action on the bed may limit the supply of particles for full 246 bedform development (Baas et al. 2013 ). More detailed experimental analysis is required to test 247 these hypotheses. 248
Concluding remarks 249
Quartz silt in suspension deposits and develops multiple bed morphologies, contrary to the 250 anticipated complete suspension from the hydraulic conditions. Barchans appear on the bottom of 251 the flume, although the total supply of silt is abundant, presumably because the availability of 252 coarser particles capable of being deposited is limited. The bed flattens, probably as a result of the 253 cohesive effects on the deposited silt, and a plane bed is observed for experiments that last more 254 than two days with very high suspended sediment concentration. Van Rijn (1984) bed-load 255 transport formula approaches bed-load transport by bedform migration, provided the critical shear 256 velocity for initiation of motion is well defined. Ultimately, bed-load transport is several orders of 257 Table 1. Silt concentration and silt bed morphology  359 Code t (min) 
